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Dielectronic recombination process for L-
shell ions are important in plasmas such as solar 
corona and divertor plasma for plasma diagnostics 
and modelling. We have calculated the dielectronic 
recombination rate coefficients to the excited states 
( n = 2- 6) of L-shell carbon atom and ions (C I-
C III). These data are necessary to calculate the 
population density of excited states of each ion as 
well as for total recombination rate coefficients. 
Atomic data (energy levels, transition probabilities 
~' autoionization rates Aa) are calculated by 
Cowan's code. Scaling methods are used for 
highly excited states because the contribution of 
the highly excited states up to more than n = 100 is 
not negligible. We present the dielectronic 
recombination rate coefficients to the excited states 
by a parameter fit to an analytical formula. The 
values for Aa, ~' Es are calculated for fine 
structure levels with n = 2- 6 and the rate 
coefficients are summed into LS levels. 
We have fitted the rate coefficients to each 
excited state by a fitting formula as follows, 
ad(nl [LS]I a 0) = L.i~exp{ -(E/fe) }Te-312 
(1) 
where Ei and Teare in eV These data for C I- C 
III are available upon request (takako@nifs.ac.jp). 
The rate coefficients have large values even 
if the principal quantum number is above n = 100, 
and their contribution is not negligible for the total 
recombination rate and for the population density 
in recombining plasma. We obtained the values 
for n > 6 by using scaling formulae of~ (2pnl, 
2snl) = ~ (2p61, 2s61) and Aa (2pnl) = (6/n)3 
Aa(2p61) for each LSJ levels and summed up with 
LSJ after scaling. In order to obtain the total 
recombination rate coefficients we summed the 
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rates upton= 500. However a real plasma has a 
finite electron density and the collisional effects for 
such high n cannot be neglected. For example the 
thermal limit is estimated to be n - 15 for a plasma 
ofTe = 30 eV and ne = 108 cm-3. Therefore it is 
necessary to include the density effect when the 
recombination rate coefficients are used to obtain 
the ion abundances in plasmas. We define the 
effective recombination rate coefficients as 
follows, 
aeff = L.i(Ai11ne + Ci1)n(i) + at( 1)ne + ar(l) 
+ ad(l) (2) 
where at( 1) and ar( 1) indicate the three body and 
radiative recombination rate coefficients to the 
ground state, respectively and ci1 is the collisional 
de-excitation rate coefficient from the level i to the 
ground state. The aeff for the various electron 
densities as a function of electron temperature is 
shown in Fig.1. However in order to obtain aeff, 
we should consider collisional and microfield 1-
mixing in autoionizing levels which are not 
included in our calculation. Further investigation 
is required for these processes. 
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Fig. 1. Effective recombination rate coefficient 
